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The invention relates to a nucleotide sequence 
which encodes the PRV-1 gene, to recon^inant DNA whxch 
contains this nucleotide sec^ence, to vectors wh^ch , 
r n the reconOoihant DNA and to cells which are 

, ed with these vectors, and also to a PRV-1 

transformed wxcn t-iie^^ 4_ ■ 

polypeptide, to antibodies against this ^'^^^^'^^e to 
a process for detecting the PRV-1 P^^^^^^^^jf ^ 
<aru,s Which cor^rise the '^"^-^ .^'-^^^^'^JX 
antibodies which are directed aga.nst the PRV 1 

r 

polypeptide. .„v..^ vera (erythraemia) , also 

Polycythaemia rubra vera 

Trf^ra is a malxgnant 

— r^-r:::::sr n w^ic: t;::: is an mcreased ■ 

rrtirrrerX^d, gran.loc.tic and — - 
cells The disease is ot clonal orig.n and ar.ses as a 
res^llt of the mutation of a single haematoporetxc 
precursor cell, m Germany, the incidence of p. vera .s 
Trom 4 to 6 per million inhabitants. If left untreated 
tle disease leads to death within 18 months. 
by means of blood-letting or chemotherapy extends the 
average survival time to more than 13 years. 

P vera is diagnosed by means of clinical 
criteria.' The clinical picture includes headaches, 
pruritus, splenomegaly in ' two thirds of J-^^^ 
bleeding or thromboses, hypertension rn a third of the 
p tient!, gout, which is, brought about by an rncrease 
L the production of uric acid, and, rn some cases, 
septic ulcers.- The most important laboratory finding is 
an increase in the values for haemoglobin. '^"---"^ 
erythrocyte count and total erythrocyte volume, and 
a^so a neutrophilic granulocytosis or thror^ocytosis m 
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xnany cases. Since, on the one hand, most of the 
criteria are rather diffuse and, on the other hand, not 
all the patients fulfil these criteria, it is 
frequently difficult to distinguish p. vera from other 
5 myeloproliferative diseases, such as chronic 
granulocytic leukaemia or essential thrombocytosis, and 
thereby confirm the diagnosis. To date, the molecular 
cause of p. vera is completely unknown. Since, however, 
p. vera takes a severe course if it is not treated, 
10 accurate diagnosis is important. 

An object' .of the invention was therefore to 
find the molecular cause of polycythaemia rubra vera 
and to create the possibility of diagnosing it. 

^ This object was achieved by isolating a gene 
15 which is expressed specifically in association with p- 
vera and not in healthy control individuals. This gene 
is designated the PRV-1 gene (polycythaemia rubra 
vera) . 

A similar nucleotide sequence is disclosed • in 
20 ■ international application WO 98/50552. 

One part of the subject-matter' of the invention 
therefore relates to a polynucleotide which encodes the 
PRV-1 gene and essentially comprises the sequence ID 
NO 1.. The polynucleotides of the present invention can 
25 be single-stranded or double- stranded DNA or RNA. If 
they are RNA, it is. then clear to the skilled person 
that "U"- nucleotides are present in place of "T" 
nucleotides. "Polynucleotide" is understood as meaning 
nucleic acids which contain 15 or more nucleotides. 
30 The nucleotide sequence according to the 

invention is depicted in Figure 1, The invention 
. therefore relates to a polynucleotide which corresponds 
to the sequence shown in Figure 1 and also .to a 
polynucleotide whose nucleotide sequence exhibits minor 
35 differences. Within the meaning of the present 
application, minor differences are understood as 
meaning those sequences in which a few, preferably not 
more than 50 and particularly preferably not more than 
25, nucleotides can be exchanged, with, however, .the 
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function of the gene encoded by the nucleotide sequence 
being unaffected. The skilled person is familiar wxth 
the fact that a base triplet encoding an amino acxd can 
be replaced with another triplet which encodes the same 
5 amino acid. In addition to this, regions which are of 
less importance can be deleted and/or mutated to a 
■ minor extent. In a particular embodiment, the 
• polynucleotide con^rises nucleotides 36 to 1346 o 

sequence No. 1, that is the coding region of 
10 gene. Another embodiment comprises nucleotides 36 to 
1262 of sequence No. 1. This region presumably encodes 
the active region of the PRV-1 polypeptide. Fxnally, 
the polynucleotide of the . invention can also comprxse 
nucleotides 39 to 1346 or 39 to 1262 of sequence No. 1, 
15 such that the codon which encodes the starting 
methionine is not present. A preferred embodiment xs a 
polynucleotide which comprises nucleotides 99-1346- or 
99 to 1262 of sequence No. 1. This results xn the 
codons at the 5' end which encode the signal peptxde of 
20 the PRV-1 polypeptide not being present. 

The polynucleotide according to the inventxon 
can also be a fragment of the PRV-1 gene. As -a rule, 

r.^ r.o<.sesses more than 100 nucleotides, 
the fragment possesses muic 

preferably, however, more ■ than 300 nucleotides. The 
25 fragments can also be used as primers or as probes, xn 
particular for PGR;, in this "case, th^. fragments can be 
truncated to fit the purpose. Usually, primers have a 
length of between 10 and 3 0 nucleotides and probes have 
a length of between 15 and 50 nucleotides. 
30 The PRV-1 gene is an endogenous gene whose 

expression . in healthy individuals is, however, 
restricted to only a few organs. Normally, xt xs 
Expressed in the main in the haematopoietic organs, 
i e in bone marrow and foetal liver, and weakly 
35 expressed in the spleen, but not expressed in heart, 
muscle, pancreas or kidney. In patients who are 
suffering from p. vera, this gene is very strongly 
overexpressed in the haematopoietic cells, xn 
particular. 
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The PRV-1 gene encodes a protein which exhibits 
the protein se^ence shovm in Figure 2. The signal 
peptide, which is present in the protein -^^'^^ °^ 
l^l surface molecules and normally removed when the 
S protein is processed, is divided off by a »VPhen^ T^e 
protein has the sec^ence ID No. 2. smother -P-^ °* 
L invention is conse^ently an ■ essentially pure 
polypeptide having the sec^ence No. 2 or a PO^^^^"^^ 
Lvfng the se^ence «o. 2 but lading -gnal 

= 92 to 437 of sequence No . 2 ) . 

to 409 of sequence No. 2 (what is probably the actxve 

region of the protein) . 

With regard to biological activxty the 
15 polypeptide according to the invention is P"'--"^ 

glycosylated; it is most P-^-"'^^^ '^"^^^^^f '^^'"t>ino 
cal then be glycosylated at at least one of the am.no 

acids Asn-46, Asn-18. and Asn-3S2 ^^^^^J'^^;^ 
polypeptide (the amino acid nu^rbers refer to the 
P invention also encompasses 

" of the polypeptides according to the 

:::ntion which are .-glycosylated. The 
at least 50 amino acids in length, preferably at least 
0 amino, acids and most preferably at least 150 am.no 
25 acids, in another embodiment, a polypeptide oan be O- 

glycosylated. +.>,^i- 
It is clear to the skilled person that 

particular amino acids can be replaced with other amino 
Lids without inpairing the biological activity of the 
30 protein. Such modified forms of the polypeptides 
Lcording to the invention are also part of he 
subject-matter' of the invention. The amino acid 
replacements are those which do not have a negative 
effect on the biological activity of the protein. The 
35 Skilled person can make use of well known rules for 
selecting the replacements. 

Depending on the method of preparation, the 
PRV-1 polypeptide can, for example, possess a glycosyl 
. phosphatidylinositol anchor. This is then bonded to the 
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^i„o acids which correspond .o amino acids 407 to 409 
Tse-^enca ID No. 2. A GPI anchor is used to anchor a 

^ a lioid on the outside of the cell 

protein by means of a iipia o 

membrane; However, for reasons which have not so far 
, iTn conclusively elucidated, it is fre<^ently observed 
'Lt CPX-lin.ed proteins are also released rnto the 
medium. This is referred to as » shedding - . To ^te 
has not been clarified whether this is 

° i e such proteins are cleaved from the 
process, ^ controlled manner, or whether 

° "es^nts nrn-specific loss of the anchor. Xt is 
n etently very P-bable that P.V-1 - -/-^ 
fv,« cell membrane and extracellular ly . Tne 
reltTd ft:. Ich is not me^rane-bound, probably 

. more i^ortant -^^^^ -^-^ Z^^t^: ^ 
growth factor since, as a growi, 
able to diffuse and reach other cells. 

It is clear to the skilled person that he can 
.. influence the attachment of the protein- to the cell 

» =rr.";:: r^..-. 

!:dlls which encode these amino acids can be mutated or 



The .ene encodes a surface receptor , of the 
„p;^/Ly6 family. This receptor family can "ansduce 
■ iLogelic signals, i.e. signals which stimulate cell 
Tivision. It is therefore assumed that overexpress.on 
30 Tf the PRV-1 gene, inter alia on the granulocyte, of P^ 
' :La patients, contributes to hyperprolif erat.on of 
.hese cells ^^^^ ^^^^^ ^^^^ 

on granulocytes in healthy individuals or - P-^^-" 
35 suffering from other myeloproliferative diseases, e.,. 
: s: erin: from chronic granulocytic 
cr-anulocytic leukaemia or essential thrombocytosis. 
" in order to be able to use the polypeptide 

encoded by the PKV-1 gene for analyses and detection 
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methods, it is expediently generated from reconO^inant 
DNA with the recotnbinant DNA preferably conpr^sxng the 

. Tn No 1 or at least the coding 
nucleotide sequence ID No. i or a 

region of the PRV-1 gene, that is nucleotides 36 to 
5 l^le of sequence ID No. 1, at least, however, 
nucleotides 39 to 1262, functionally linked to a 
promoter. However, the recornbinant DNA can also 
comprise only a fragment of sequence No, 1 . 

The invention furthermore relates to a vector 
10 which contains the recombinant DNA for the PRV-1 
polypeptide, or a fragment thereof, and to a host cell 
is transfected or transformed with this vector. 
The host cells may be prokaryotic, for example bacteria 
such as E. coli. However, the polypeptides which are 
15 expressed are then not glycosylated. Preference is 
therefore given to eukaryotic host cells, which are 
able to glycosylate the expressed protein post- 
translationally and modify it in other ways. Examples 
of eukaryotic host cells are insect cells sucb as Sf9 
20 cells, for expression following "^^^ 
recombinant baculoviruses , and «lian cells, such as 
COS cells, CHO cells and HeLa cells. These examples are 
not exhaustive. It is also possible to use yeast cells 
as host cells. It is clear to the skilled person that 
the glycosylation pattern can differ depending on the 
nost cell. The biological activity of the expression 
product can therefore also vary. Particular preference 
!s given to host cells which, glycosylate the expression 
product in such a way that the biological activity of 



25 

host 



30 the protein is retained 



The PRV-1 polypeptide which is isolated from 
granulocytes or produced recombinantly can be employed 
Lth for diagnosing polycythaemia vera and for treating 

the disease. 

one therapeutic possibility .is that 
■ «antisense therapy" - This method employs an "antisense" 
HHA molecule, that is an RI.A which is complementary to 
the PRV RNA.. Since the PRV-1 RNA has the secjuence 5 - 
AAAAGCAGAAAGAGATTACCAGCC-3' .(seq." ID No. 3) at 
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beginning, the requisite antisense KNA directed against 
this sequence would possess the following nucleotide 
sequence : 5 ' -GGCTGGTAATCTCTTTCTGCTTTT-3 ' ( seq . ID No . 
4). This antisense RNA is incorporated into a vector 
5 and introduced into the p. vera cells. This RNA is 
introduced, for example, by means of transf ection, with 
the vector used for the transf ection preferably being 
configured such that it is introduced specifically into 
the p. vera cells. Expression of the antisense RNA 
10 results in it no longer being possible for the PRV-1 
mRNA to be translated into a polypeptide. Cells which 
have been treated in this way do not then form any PRV- 
1 protein. 

The invention therefore also relates to a 
15 process for detecting p. vera which is characterized in 
that the PRV-1 polypeptide, or an epitope thereof, is 
detected and the extent of the expression is 
determined. 

Overexpression of this receptor on mature cells 

20 outside of the bone marrow, e.g. on granulocytes, is a 
strong indication of the presence of the disease p. 
vera. This overexpression is expediently detected by 
means of an immunoassay using -antibodies which are 
directed against the PRV-1 receptor. .Suitable test 

25 methods are the known immunoassay variants which make 
use of PRV-1 polypeptide-specif ic antibodies together 
with other labelled antibodies which can be immobilized 
or in solution. The labelling can be effected in a 
manner known per se, for example using radioactive 

30 isotopes, by means of fluorescence or luminescence, 
using enzymes, by means of colour- forming reactions or 
using other groups which are suitable for the 
determination. These variants are known to the skilled 
person and do not require any more detailed explanation 

3 5 here. According to the invention, ELISA tests are 
particularly preferred. 

The antibodies which . are required for 
specifically detecting the PRV-1 receptor can likewise 
be prepared in a manner which is known per se . Both 
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:„onoclonal and polyclonal antibodies are 
preference being given to using monoclonal ant.bod.es. 

Peptides which are derived from the prote.n can 
,lso . be used for preparing antibodies. Within the 
context of the present invention, success was achieved 
using the peptides having the sequences. 

a) KVSDLPRQWTEKN (amino acids 34 to 46) [seq. ID. No. 
5 ) , and 

SAKEKRDVQPPASQH (amino acids 391 to 405) [seq. ID 
No . 6 1 . 

The polyclonal antibodies are normally produced 
15 by in^mizing a suitable host (rabbit, with the PRV-1 
■ polypeptide. where appropriate bound to an 
Ideological support .adjuvant,, and - 
immune response. Monoclonal antibod.es can be generated 
ira manner .nown per se using the hybridoma 
20 The antibodies can be purif.ed by means of aff.n.ty 
purification. The preparation and pur.frcat.on of 
puriii^-a .^mole, in "Antibodies: 

antibodies are described, tor example 

A Laboratory Manual" by Harlow and Lane, Cold Spring 

Harbor Laboratory Press. „^ :„onoclonal 

Furthermore, such polyclonal 
antibodies which are directed against PRV-1 can also be 
used for treating the disease. 

in another embodiment, the PRV-1 receptor can 
be detected using an RT-PCR method. For this, RNA is 
30 first of all isolated from the PRV-1-overexpressing 
TZs. Which are as a rule granulocytes. A reverse 
transcription i. then performed in a manner .nown per 
■ se using an RT primer. The RT primer is ^r.f.r.^lyj 
primer which has the following nucleotide sequence. (SEQ 
35 ID No. 7) : 



25 



ATTAGGTTATGAGGTCAGAGGGAGGTT : 
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in this way. the specific PRV-1 HNA is 
transformed into DNA. This DNA is then axnplified xn a 
transform following. 
PGR reactxon xn a mann« 

two primers .are preferably employed for 
5 amplification cycles: 

AS the sense primer (SEQ ID No. 8) 

GCAGAAAGAGATTACCAGCCACAGACGG . 

^cc. T->Y-imer (SEQ ID No. 9) 
As the antisense pirimei v^at.^ 

GAATCGTGGGGGTAATAGAGTTAGCAGG . 

The skilled person is readily able to use the 
disclosed sec^ence to find other primers which are also 

'''"''''since the HNA is used as the starting material 
•for this method, the PCR signal is only P--^^^^ ^^^^ 
the PRV-1 gene is also expressed. As explained above 
this is only the case when the patient xs sufferxng 

r : p verl. PRV is not expressed in --u-cytes o 
wealthy patients. Consequently, the absence o any 
PCR signal indicates that no p. vera xs present. 

xn another alternative, it is also P°-.b^- - 
"use a blotting method, preferably a Northern Blot, for 
diagnosxng p. vera. Por such — hod, the ^A xs 
..olated from granulocytes and ^ 
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* 00^7 1 usina a blotting method, 
expression of PRV-1 usxng d ' • epn ID 

exLpXe .o«.ern .Xo«in.. The cO«. -^en=e of^ S.Q IB 
NO. 1, or segment of the sequence, can 
crobe Hybridization then only occur. the 
rra^:Xocytes are derive, fro. a -""^-^^r, 
p vera since only then is there any expression on the 
granulocytes. The absence of hybridization .ndrc..es 
that the individual from whom the granulocytes are 

derived does not have p. vera. 

It is also possible to use a fragment of the 
gene for the Northern blot hybridization. Such a 
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fra^ent is nor^nalXy n.=re than 100 bases in l«>gth. 
preferably more than 300 bases xn length. 
Alternatively, various different fragments of ^hej-- 
which can be used as probes in the Northern blot, can 
be prepared by digesting the gene with -strict.on 
endonucleases. If the fragments are derived from the 
CDNA they are then present as double strands which 
::::' .to be separated into the single strand^ for th 
hybridization. Suitable exanples are the Bam Hl-PstI 
fragment from base pair 420 to base pair 831, or the 
PstHstl fragxaent from base pair , 831 to base parr 

"""^ PRV-1 mEHA, and consequently the expression of 
PRV-1. can also be detected by first of all reverse- 
transcribing the n^A in an RT-PCR reaction -d^^^ 
^lifying the CDNA. the amplified DNA is then detected 
with a probe in a hybridization method. 

in the case of a positive diagnosis, the 
disease has to be treated since it otherwise leads to 
aeath within a relatively short- period of time. For 
treatment, it is possible to use specific 
antibodies which are directed against ^.RV-1 and to 
which cytotoxic components can be bonded, where 
appropriate. ^^^^^^^^^ ^^^^^^^^^ ,,rthermore relates to 

, drug which, in addition to the customary -"^^^""^ 
cor^rises antibodies which are directed against the 

PRV-1 receptor. ^ • ^ 

Since the PRV-1 receptor is overexpressed. in p. 

, vera, many antibodies are bound on the 

affected granulocytes when they come into contact with 
the anti-PRV-1 antibody. The binding of ™ny antibod.es 
to these cells stimulates the iir^unological ^° 
destroy these granulocytes. In this way, it is possible 
5 to eliminate the p. vera cells specifically. 

surprisingly, it has also been found that the 
PKV-1 polypeptide exhibits haematopoietic -'^^^^/^J^^ 
PRV-1 polypeptide is able to stimulate certain 
haematopoietic precursor cells to form erythroid 
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, It is particularly the N-glycosylated PRV-1 

colonies. It is pa j^.^ function. The 

polypeptides -^^^IJ^f^^l^^^'Z.n.Lon which are 
p.l^eptiaes accora n o the 

. ::r.rle:,"an™nts thereo. which display the 

growth factor activity. ... ,>,=vefore a 

Another aspect of the invention is therefore a 
arug Which, in addition to a phao^ceutically tolerated 

coirorises the PRV-1 polypeptide or a 
excipient =o.^r ^^^^^^^ 

0 biologically ^^^^^^ glycosylated PRV-1 

' ."^"tidl and even .ore preferably, K-glycosylated 
Tr^ pol^e::tde or a biologically active fragment 
PKV i I:'" jff . ^oi;=,t-es to drugs which 

thereof The invention also relates 

ro^rise at least one polynucleotide according to the 
mvention^^ ^^^^^^^^^ ,.,,j,er.ore relates to 

the use of PRV-1 polypeptide, or a biologically active 
. .„.,aof as a growth factor in vivo and ex 
.0 "he Pr"! polypeptide, or a biologically active 
20 VIVO, .in treating all 

.fragment .^^^"^ ' 7;,,;,,^,,3 in the- bone ..arrow- and 
r::rcr:ia:r -c.^ i. the cenular constituents 
I, ,he peripheral blood and bone marrow) . The 
of the present invention can, for example, 
25 polypeptides of the prese kidney 
be used for treating anaemias m the case 
fLlure chemotherapy or ■ whole body radiation for 
::rti:g neutropenias and t-ombocytopenias during 
chemotherapy or whole body radiation, 
30 treatment of peripheral or bone 

expansion .multiplication, -"^-^r" ^^^^^^c 

patients, and for treating ^ 
inflammatory response syndrome (SIRS) or g 
inf lavatory reactions. The polypeptides of the present 
35 invention, or drugs which comprise th^m^ c^ b^ 
roistered in a wide variety of- ways, ine 

stration comprise intravenous, -""^^^ 

• i_ ,.^^1 r^Y-PLl transdermal ana 
subcutaneous, intraperitoneal, oral, 

transmucosal administration. 
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The polynucleotides according to the invention 
can elso he '^-^ .^^'^^ ^^^^^^ 

rrrrptia:" t: :z;....^ ~t the.eo. in 

cells of affected patient. Oene therapy .nethods are 

first and foremost used in this connection. Cells can 
he isolated fro. the patient and transfected w.th a 
be isolatea invention (ex-vivo 

polynucleotide ..,.„ed to 

.anipulatron,, after w ^^^^^^^^ ^^^^^^^ 

TrrL "ol^utieotLes according to the invention 

.... access ^ . ^ /r Ls^^^Id ^ crra " ds^^el 
transfer. Expression of tne 
leads to haematopoietic activity. 

The invention also relates to kits for 
detecting either polycythaeruia vera or disturbances of 
detecting svstem. These kits comprise a 

the haematopoietic system. ^„^/^r- a 

^^-ir^rr ^o the invention and/or a 
polynucleotide according to tne ^ 



polynucLeo.x^- invention and/or one or 

-^--^td-l^^atrJdin: to t.e invention. Xn addition 
.0 Jt l llso comprise a container or 



to th.s tn, . ^ ^^^^^ implementing 

co:nposrtrons wh.ch ar^ ,,oh co^ositions are 

detection ' ^i^.King raenO^ranes, 

buffer solutions, reagents .-^^ 

solutions secondary antibodies, 

25 hybridization solutions, 

■ substrate solutions . for detection reactions, etc. The 
Tt is preferably used for implementing PCR reactions^ 
• ^ort^erl blots. Southern blots., We.stern blots and 
ELISA. RIA or similar reactions. _ ^ 

The following examples are given 

explanation. 



30 



Example 1 

35 r-haracteriz ^r^rr the PRV gene 

The following experiments were carried out in 
order to characterize the gene: 
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- the following protocol used to isolate 

gre^ulocytes fron. stored blood or fro. blood obtained 
by bleeding p. vera patients : n 9* 

. an equal volume of 3% dextran solution .n 0.9% 
NaCl was added to the blood and the -oixture was left to 
stand at roo„ temperature (RT, for 20 ■"^-"^ ^ 

,^^T^aT-at-e»d into two pnases. 
_ The mixture separatea r . ^ , 

upper, light-coloured phase was removed and centrrfuged 

^or 10. minutes at 1800 g "J^^^^^^^ ..,1 

- The supernatant was aiscaru«wi 
ellet was resuspended in the same volume of 0.9% NaCl. 

each case 35 ml of the cells in NaCl were 
lavered on 15 ml of Ficoll-Hypaque . 
. The cells on the Ficoll-Hypa^e were then 

centrifuged for 60 minutes at 1800 g and at RT wrthout 
„sing_the bra.e^^^^^^ and two layers with an interphase 

""^^ layers and interphase were aspirated off- 

end the cell pellet was resuspended for 30 seconds rn 
to ml of .ce-cold 0.2% NaCl, and 10 ml of rce-cold 1.6% 
NaCl were added immediately after 30 seconds. 

. The cells were centrifuged down for 10 mrnutes 

^htrwrre'then washed pnce in 10 ml' of PBS and 
centrifuged dov^^^^ pellet contained 95-99%-pure 

^"~r-„as isolated from these cells using 

30 standard methods. 

. . 10 mg of this RNA were examined for 

■o. of PRV-1 in a Northern blot. The entire cDNA 
expression or pkv j- . j-" °- 

^ e-pn TD NO 1 was used as a probe, 

sequence shown m SEQ ID No . i 

. This experiment was performed on 19 p. vera. 
35 patients and 21 control samples of stored blood. The 
PRV-1 probe was found to hybridize strohgly m the case. 
If the p. vera patients. No hybridization was observed 
in healthy control samples. 



20 
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Exam ple 2 

PRV-1 possesses growth factor activity 

Embryos were removed from a pregnant mouse 13.5 
days after fertilization. The foetal livers, were 
.amoved. The cells contained in them.were stained usxng 
antibodies and enriched for particular cells, and 



depleted for other cell types, by means ^^^^ 
chron^tography. This results in a cell mixture wh.ch .s • 
enriched, for certain haematopoietic precursor cells 
(colony forming units-erythroid, CFU-E) . Thus, while .n 

. ^ 1 '^g, foetal liver consists ot 

all approximately 2% of tne roecaj. 

CFU-E 30-40%. of the enriched cells consist of CFU-E. 

These CFU-Es were transfected using ^ a 

m i-Vi-i=; a packaging cell line, 

retrovirus. To do tnxs, a ^ a 

-^^r^i-p <-T-anQf ected 48 ■ hours 

designated 293-T, was itself transtectea 

■ „ ^eiis are an established human 

previously. 2 93-T cexis ci ^^^>^n„ 
e,ci>ryonic >.idney cell line. 293-T cells are stably 
transfected with several genes from a retrovirus . If 
these 293-T cells are now transfected with two 
Ta mids, termed pOS and pKXT, the 293-T cells then 
produce a retrovirus which is able to xnfect murine 
foetal liver cells. If the 293-T cells are transfected 
v,ith an empty- pOS vector and pKAT, a wild-type 
retrovirus, which only expresses retroviral proteins, 
is then produced. On the other hand, cloning a human 
gene, e.g. PRV-1, into the pOS vector results in the 
production of a retrovirus which expresses this protein 
when it has infected cells . The 293-T- cells secrete the 
retrovirus into the cell culture medium. . . 

After two days, the cell culture medium from 
the transfected 293-T cells which contains the 
■ retrovirus is harvested and filtered once through, a 
0 45 Mm filter. In order to transfect the foetal, liver 
cells these latter cells are mixed with the filtered 
cell culture medium, which contains the retrovirus, and 
centrifuged for 2 hours at 1800 rpm and 20JC in the 

^ r^f Pnlvbren The transfected toetax 
added presence of Poiyoren.. . xix 
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liver cells were then cultured in a medium (Methocult, 
from cell Systems) which contains, in addition to the 
usual salts and amino acids, foetal calf serum, 0 0001- 
0 4 lU of erythropoeitin (EPO) /ml and methyl cellulose 
(0 8%) The CFU-Es require EPO in order to form 

1 ^4^= TVie methyl cellulose 

haematopoietic colonies. The mecny 

solidifies the medium, in the form of a jelly, thereby 

fixing individual cells in this jelly so that, m 

contrast to being in a liquid meditnn, they cannot move. 

Tt is therefore possible ; to observe whether a 

haematopoietic colony is or is not formed from a single 

cell CFU-ES form erythroid colonies, that xs colonies 

which contain red bldod cells and their precursor 

After three days, a count is taken of the 
number of haematopoietic colonies which have developed 
various mixtures are compared. The mixtures were not 
all examined in each experiment ;. mixtures 1-3 are very 
similar controls and each of them can be compared 
0 individually with mixture 4. 

• ^ 1 cells which were not transfected with a 

Mixture 1: L-eiisa whj-v-x 

retrovirus; 

Mixture 2: Cells which" were transfected with an 

2 5 empty pOS vector; 

Mixtures: Cells which were transfected with a 

"green fluorescent protein" (GFP) , a 
protein which is not haematopoietically 
active. 

30 Mixture 4: " Cells which were transfected with pOS- 

PRV-1 (vector + gene according to the 
invention) . 

Table 1- ■ The table lists the results obtained 

• from three experiments which were 
performed as described. The figures in 
. each case indicate the number of 
colonies . 



The experiments demonstrate that CFU-Es wh.ch 
transfected with PRV-1 £orm very many more 
„ere ,3 :.any> than do the 

::ri::rcorrorc..-.s. .^is res^Xt indicates that ..V- 
1 is a growth factor for CFU-E. 

Example 3 

solubility of the PRV-1 growth faotor 

• - ^ further experiment was carried out in order 
■ to investigate whether PKV-1 is a soluble grow h factor 

or Whether =--:-„^,::-,:-,.:L;r:r the^pac^Ug ■ 

Til Un^Trrrftt ?t has-been transfected with the 

^^^a^HK.. vectors. ^ ^-^^-^^:^:z':^j'z 

^■h«.c-ize the protein encoded by the gene 
Ts r PHV-l in the present case. If the gene 

d ct is I soluble protein, it is secreted into the 
product IS a suxllj^ . _i t inn«=^ 293-T. 

Ldium Which surrounds the pacHag.ng ^^^^^^^f 
If the 293-T cells are transfected only wxth tiie po 

%hout PKAT no retroviruses are then formed, 
vector, without pKAi , =oluble 
The cell culture medium, then only contains the soluble 
The ceix Medium which is derived 

' oOS^r-T-trans e ted cells, and wh.ch does not 

from " ,3 with CFU-ES and the 

rore^IsXtrr Tn 'the methyl cellulose medium,- the 
resulting colonies are then counted. 

n The following results were obtained: 
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Table 2: Solubility of PRV-1. The figures in eacb case 
indicate the number of colonies. 









Mixture 3 


Mixture 4 




Mixture 1 

un- 
transf ected 


Mixture 2 
empty vector 
(POS) 


GFP 
{pOS-GFP) 
187 


PRV-1 
(pOS-PRV-l) 
557 


Experiment 4 




137 







10 



15 



20 



25 



30 



■^^■^t- t-on - CFU-Es which were 
In this experiment, too, «_ru r.^ 

treated with PRV-i-containing mediur. formed --^ J^^^ 
.ore haematopoietic colonies than did ^ 

can be concluded from this result that PRV-1 xs 
soluble growth factor. 

Example 4 

The growth factor PRV-1 is, H-glycosylated 

Granulocytes were isolated from a patient 
suffering from p. vera, and protein extracts were 
prepared from these cells usrng a standard protoco^ 
Tes. protein extracts were treated in .accordance w.th 
the protocol for the ~N-Glycosidase P Deglycosylat.on 

v.^/ Boehringer Mannheim. In detail, tnis 

Kit" supplied by Boenriuy 

means that a -denaturation buffer- "^^^^^^f^^^^ 
protein extracts and , the mixtures were " " ^ 

(cr 3 minutes, after which they were treated e.ther 
■ ^ ,f^^~ r,r- with -reaction buffer" plus 
with "reaction buffer or with re ■„Hf »f 

«-glycosidase. Each mixture was incubated overnight at 
37oc\nd the proteins were analysed on a PAGE ge 
, electrophoresis followed by .a Western blot. The PRV-1 
protein was detected with an antibody directed against 
a protein having the amino acid sequence ID No 5 . The 
results Show that while PRV-1 protein -^^^^^^^ J^^ 
.granulocytes is 60-65 kDa in si.e, it is only 40 kDa in 
size after having been digested with N-glycosidase. 
This clearly proves that PRV-1 is glycosylated on 
asparagine residues (asparagine - N) . 



